Abstract: Enterprise resource planning (ERP) systems have found a wide acceptability among organisations, albeit with a pinch of salt. ERP systems appropriately bring about uniformity in the software across the organisation by bringing all the processes under one umbrella. But the low adoption rates and greater time to value are often reasons for low ERP implementation success rates and even ERP implementation failures. Researchers have chronicled various critical success factors (CSF) that determine a successful ERP implementation. This paper utilises multi-participant analytic hierarchy process (AHP) to determine the relative importance of CSF in various ERP implementation strategies. The paper contributes to the existing knowledge of CSF in ERP implementations by showcasing that CSF have varying importance across ERP implementation strategies.
Introduction
Enterprise resource planning (ERP) systems are essentially robust all-inclusive software packages that try to automate all processes of an organisation. This is achieved by having a common shared database at its core which brings about the transparency of real-time valid data across the organisation and even with its stakeholders having appropriate authorisations. The concept of having every data point linked and accessible throughout the organisation makes ERP a very viable proposition. This is the reason why demand for ERP systems has seen a steady growth for more than two decades. Organisations want to replace their legacy systems and the best option for them is to switch to ERP systems. But the question arises that even though the concept of integrating all processes of an organisation through an ERP system is so novel, still organisations who implement ERP systems have low satisfaction levels. This is either due to ERP system failures or low ERP system success rates which are primarily attributable to time and budget slippages. Also, time to value component for ERP systems is considerably high. It is observed that the primary reason of getting a new experience through ERP systems gets lost if the ERP implementation is not adopted by the users satisfactorily. A major portion of an organisation's IT budget is allocated for ERP implementation and its success or failure is of utmost importance. In the 2015 ERP Research Report given by Panorama Consulting Solutions (2015) , there has been a drop of 5% from 63% to 58% in the ERP implementation satisfaction levels from the previous year, with a whopping 21% claiming their ERP implementations as a failure. Moreover, ERP systems are continuously evolving systems that exist in ever changing technical and business environments. Global systems and their integrations bring with them even greater challenges (McGaughey and Gunasekaran, 2009 ). This accentuates the urgency and needs for a successful ERP implementation as also reflected in the tremendous amount of research that ERP implementations have attracted.
Researchers have delved heavily to determine the critical success factors (CSF) that ascertain the success of ERP implementations. Research literature abounds in the correlation between CSF and also between CSF and other contributory factors at the organisational level. Hedman (2010) chronicled the CSF found across research literature and came up with a comprehensive list of 95 CSF that were further categorised into three groups, viz., organisational factors, project factors, and technical factors. In the critical analysis of present day ERP systems, Koh et al. (2011) segregated CSF of traditional ERP and extended ERP systems, recommending the incorporation of business intelligence in ERP implementations to garner success.
Case studies delving into the root cause analysis of ERP implementation failures have looked into not only CSF but other parameters also. Yusuf et al. (2004) noted the principal reason for failure as poor management of the implementation process. They took a case study approach to ERP implementation in a large organisation delving into business, technical, and cultural issues. Chakravorty et al. (2016) analysed ERP implementation failures through a case study, providing a plausible explanation for ERP implementation failures as 'escalation of commitment'.
Multi-criteria decision making (MCDM) approaches have been used in different spheres of ERP and extended ERP or ERP II that encompasses customer relationship management (CRM) and supply chain management (SCM). Chand et al. (2015) have performed a comparative study with respect to MCDM approaches. They contemplate that MCDM approaches like analytic hierarchy process (AHP), analytic network process (ANP), and MOORA though encompass large calculations, but are easily comprehensible and have the capacity to handle a large number of selection criteria. In this paper, AHP that was introduced by Saaty in 1980 has been used for finding relative importance of CSF in different ERP implementation strategies. Nagpal et al. (2015) came up with a nomenclature for categorising the different ERP implementation strategies that the organisations opt for, as follows: a custom-made (CM) -this is when the ERP project implementation activities are tailored to the specific requirements of the organisation b vendor-specific (VS) -this is the when the ERP vendor promoted product-specific ERP implementation methodology is used for the implementation c consultant-specific -this is when the ERP consultant's tried and tested methodology is used for implementation which is usually built on top of VS methodology.
This paper presents a multi-participant AHP approach to determine the relative importance of CSF in different ERP implementation strategies, as enumerated above.
Review of literature
CSF are those criteria that drive an ERP implementation towards success (Nagpal et al., 2015) and their laxity or absence can have a devastating effect on the ERP implementation project. An ERP implementation is viewed as not only just a new software implementation but as a software package that transforms the complete IT scenario of the organisation and thus encompasses many factors that venture beyond software implementation into the realm of organisation's strategic and tactical boundaries. Hence, CSF that has been enumerated in various research literatures covers a wide range of complexities. Researchers have tried to categorise these CSF under numerous heads using various taxonomic approaches. As noted earlier, Hedman (2010) compiled 95 CSF in his research paper. In addition to unearthing and enumerating CSF, researchers have also compiled the frequency of occurrence of different CSF in the research literature. Wong and Tein (2003) presented the frequency of occurrence of 23 CSF in the research literature. Similarly, Rouhani et al. (2013) , Al-Fawaz et al. (2008) , Garcia-Sanchez and Perez-Bernal (2007) , have also tabulated the multiple occurrences of CSF in the research literature. Leyh (2014) carried out a comprehensive study of 320 research papers on ERP CSF and represented the frequency of occurrence of CSF in these papers.
It is important not only to short-list the CSF relevant for ERP implementations but also to utilise this knowledge further to improve the ERP implementation success. Nagpal et al. (2014) performed an exploratory study to understand the penetration and utilisation of CSF in ERP implementations. They concluded that CSF-related research should focus on utilisation of CSF in models and metrics that would enable implementers to gauge the current condition of implementation and which areas need more attention to achieve better success levels in ERP implementation. As pointed out by Gupta and Naqvi (2014) there are no suggested methods or frameworks to monitor and control CSFs coupled with their inherent subjectivity, the CSF studies for ERP implementations offer little practical usage. Azadeh et al. (2012) have departed from the conventional CSF and have studied the role of organisational infrastructures and their relationship with ERP CSF and performance. Khatri et al. (2013) proposed an ERP health assessment model that could be used to monitor CSF at various milestones of an ERP project implementation, such that the knowledge gained thus could be utilised to fine tune the implementation process before it is too late. This was further explored and superposed with the utility theory by Kapur et al. (2014) , with the intention of providing a straightforward method to monitor CSF at various milestones that would give a constant feedback to the implementers of the current 'health' or status of the project, such that processes could be manoeuvred to direct them towards ERP implementation success.
AHP was introduced by Saaty in 1980, for making complex decisions involving multiple criteria. Since then, it has found use in a wide variety of applications cutting across disciplines. Also, many researchers have put in place many amendments to the original algorithm, making it better and more robust. AHP has also found its' use in the ERP domain, mainly in the ERP selection decisions. Teltumbde (2000) proposed a process framework based on nominal group technique and AHP to evaluate ERP projects. Leopoldo and Colmenares (2006) presented a prototype decision support system that was based on AHP to assist in the ERP evaluation process, primarily for the benefit of SMEs (small and medium enterprises). Lien and Chan (2007) proposed a fuzzy AHP model for ERP system selection. Capaldo et al. (2008) surveyed academicians and professionals based on AHP in order to develop a tool that would aid in the change management activities of the ERP implementation. Wei et al. (2005) proposed a framework based on AHP for selection of ERP system. Similarly, Klos and Trebuna (2014) proposed the AHP method for selection of ERP system in an SME. Vayvay et al. (2012) utilised AHP, fuzzy AHP and ANP for selection of ERP consultants. Similarly, Martinovic and Delibasic (2014) proposed a combination of AHP and IBA (interpolative boolean algebra) for selection of best consultant for a SAP ERP project. Alanbay (2005) utilised expert choice software based on AHP, for ERP selection. Parthasarathy and Anbazhagan (2007) utilised AHP for evaluating ERP implementation choices. Al-Rawashdeh at al. (2014) proposed an ERP system quality model based on AHP that could help organisations compare ERP systems. Rouhani et al. (2013) presented a hybrid model that was based on fuzzy AHP and fuzzy DEMATEL (decision making trial and evaluation laboratory) in order to segment CSF for ERP implementation.
Mandal and Gunasekaran (2003) recommended pre-implementation, implementation and post-implementation strategies as observed through successful ERP implementation in their case study. Zouaghi and Laghouag (2016) noticed the lacuna between key success factors (KSF) and ERP implementation strategies and came up with a framework of KSFs depending upon ERP implementation strategies. Nagpal et al. (2015) proposed a nomenclature for categorisation of ERP implementation strategies. This research paper further extrapolates and proposes a methodology for evaluating ERP implementation strategy based on the relative importance of CSF in different strategies. It utilises multi-participant AHP process by taking geometric means of pair-wise comparisons and uses the Geometric Consistency Index as given by Alonso and Lamata (2006) .
Analytic hierarchy process
AHP was developed by Saaty (1980) and has undergone many refinements and extensions since then by Saaty (2008) and other researchers. Ishizaka and Labib (2011) performed a chronological review of developments on AHP. Often, when consulting different experts, a quantum of bias may creep in. Also, it is difficult for all participants to reach a consensus with regards to each and every pair-wise comparison. Kamhawi and Gunasekaran (2009) exemplified through their study that ERP implementation success factors differ based on different perceptions held by IS (information systems) and non-IS managers. In order to avoid this biasness, AHP with group decision making has been utilised in this paper. Initial judgements on pair-wise comparison were taken as per the Saaty (1980) scale, where i represents the row and j represents the column. Saaty (1980 Saaty ( , 2008 has defined consistency index (CI) as follows, for N compared alternatives:
Small changes in a ij imply there will be small changes in λ max, with the difference between λ max (largest eigen value of the matrix, a ij ) and N showcasing a good measure of consistency. If the expert is completely consistent, then CI = 0; else λ max > N, in which case inconsistency is measured through consistency ratio, CR:
where RI is the randomised index obtained as the average value of CI for random matrices using the Saaty scale.
Since the experts do not generally make 'perfect' judgements, the transitivity property amongst the compared alternatives does not get satisfied that may cause problems at the time of ranking of alternatives. In this respect, there has been a significant increase in the use of row geometric mean method (RGMM), as a prioritisation procedure in AHP, which was also used in the present study on priorities obtained from multiple participants.
The consolidated decision matrix, C, was obtained by combining inputs from k participants by using the weighted geometric mean of elements in the pair-wise comparison matrices, a ij (k) . The weight, w k of individual participant was used, such that:
A linear scale was used and then geometric means of judgements were used to obtain the consolidated matrix. Alonso and Lamata (2006) 
Geometric consistency index, GCI, was calculated as:
where p i and p j are the priorities set by participants. Saaty (1980) 4 Research methodology CSF is found to have a varied importance which depends on the implementation strategy, vendor selection, and consultant selection. This is reiterated through the research by Brown and He (2010) , which elaborates the ERP adoption patterns in China. As illustrated in Section 1 (Introduction), the strategy adopted by the organisation for ERP implementation can be categorised as CM, VS, and CS (Nagpal et al., 2015) . It has been found that the CSF importance level differs in different strategies. In other words, implementers need to pay more stress on a CSF if a particular ERP Implementation strategy is chosen vis-à-vis if any other ERP implementation strategy is chosen. Thus, the present research aims at finding the relative importance of CSF with respect to implementation strategy. As pointed out earlier, there has not been any dearth of unearthing CSF. Hedman (2010) compiled 95 such CSF and still there are much more. In the present research, we chose ten CSF to ascertain their relative importance in ERP implementation strategy, based on their frequent occurrence in the research literature. As for example, 'top management support' appeared as a CSF in a whopping number of 202 research literature out of 320 studied by Leyh (2014) . This in itself speaks volumes about the importance of top management support in ERP implementations. This research can be further extended to any number of CSF. Also, if required, the CSF themselves can be short-listed based on the organisation's specific environment and culture, and those further studied to understand which ERP implementation strategy should be selected. In which case, the implementers would have a prior knowledge of CSF that would most impact the ERP Implementation. The study proposes to find out how CSF vis-à-vis ERP implementation strategy. Ten CSF have been chosen for the present study based on their greater frequency of occurrence in the research literature and also based on the experts' opinion.
The ten CSF that were chosen for the present study were: The hierarchy set up for AHP is depicted in Figure 1 . Here, at level 0, we have the objective of selection of ERP implementation strategy based on CSF. At level 1, we have the criteria as the ten short-listed CSF. At level 2, we have the alternatives as the three ERP implementation strategies (Nagpal et al., 2015) .
Analysis and interpretation
Psychologists point out that humans find it easier to compare two items at a time rather than give a simultaneous judgement on several items (Ishizaka and Labib, 2011] ). This thought forms the basis of AHP. AHP uses a ratio scale wherein the pair-wise comparison judgement is a relative value of two quantities with same units. It is more of a verbal appreciation by the decision maker who is an expert in the underlying domain. In the case of the first stage, separate consultations were made with five different groups of ERP implementation experts. Each group was from a different organisation involved in ERP implementation. Each group was composed of two to three members. The principal contact of the group was responsible for correspondence with the authors and also performed the task of a conduit for information between authors and the respective groups. These groups came up with their exclusive pair-wise comparisons of CSF importance in different ERP implementation strategies. Goepel's (2013) 'BPMSG AHP Excel template with multiple inputs' was used to perform calculations. The input from expert groups was input into the input sheets of the template. This resulted in the formation of consolidated matrices obtained by taking the row geometric means, r i of input choices. Using the RGMM, priorities p i in each input sheet were calculated with pair-wise N * N comparison matrix, A = a ij as:
The consolidated matrices with respective priority of alternatives, consistency ratios and geometric consistency indices (GCI), calculated as detailed in Section 3, were obtained as per Table 2 . The above relative priorities showcase the importance of CSF in different ERP implementation strategies. The more the importance of CSF in a particular strategy, the more will that CSF require monitoring during the implementation, and more will it contribute towards ERP success or failure. Less emphasis can be paid on a CSF having low priority in a particular ERP implementation strategy. Top management support comes to play a more important role for CM ERP implementation strategy, as top management involvement becomes necessary in the formulation of the methodology underlying ERP Implementation strategy. Similarly, CSF of project team competence, interdepartmental cooperation and communication, clear goals and objectives, and project management follow similar trends. The CSF of data analysis and conversion, and management of organisational changes find more importance in VS ERP implementation strategy followed by CS and CM. Thus data analysis will not be a detrimental factor in CM ERP implementation strategy as the strategy is tailor-made and will encompass any effects of the CM strategy. Similarly, management of organisational changes is of less impact in case of CM strategy as these are already taken care of in the implementation strategy. The CSF of user training and usage of tools have to be looked after more in the case of CS followed by VS and CM ERP implementation strategies. So, user training and usage of tools would require less monitoring in CM ERP implementation strategies. The CSF of customisation has more importance in CM with almost similar importance in VS and CS. This is as expected as customisation plays a more importance in CM ERP implementation strategy and hence requires more monitoring. Since VS and CS ERP implementation strategies have more standardised processes, customisation requires less monitoring. The CSF with respect to ERP implementation strategy is displayed in Figure 2 as a radar chart. As we can see that for CS ERP implementation strategy, the span of the web is the least. This shows that for CS strategy, the CSF require less monitoring, followed by VS and maximum in case of CM ERP implementation strategy. In the case of the second stage, the relative importance of CSF needs to be found out. This was done by utilising the abundant research literature that has used a multitude of methods for ranking the CSF. Ranks of CSF were taken from 19 research literature, viz., Somers and Nelson (2001) Sedera and Dey (2006) . The ranks were reversed and their means were taken to find the relative importance of CSF. In order to obtain pair-wise comparisons of CSF, the approximate rank deviation was taken into account. This resulted in pair-wise comparison matrix as displayed in Table 3 and normalised matrix as displayed in Table 4 . This method of obtaining relative importance of CSF based on research literature resulted in garnering metadata from research that it had been accomplished with comprehensive breadth and depth. In the next stage, a composite weight for each decision choice, viz., the ERP implementation strategies, was determined. This was done by aggregating the weights over the hierarchy for decision choice, as follows: The above calculation shows that ERP implementation strategies rank in the order of CM, VS, and CS. In other words, the importance of CSF is more in CM which is again more than that of VS which in turn is more than the CS. Interpreting this result, we can say that since the CSF hold more importance in the order of CM, VS, CS; it translates to the fact that CSF will hold less importance and be less of an impediment in case of CS ERP implementation than in case of VS ERP implementation which in turn will stress less importance on CSF than in the case of CM ERP implementation. This shows that ERP implementation strategy itself can play a role and determine whether more emphasis on CSF is required or not. In the case of CM ERP implementation strategy, due importance needs to be given to CSF and hence more monitoring is required for a success. In the case of VS, CSF requires less monitoring and in the case of CS, CSF requires even lesser monitoring and also relatively less related to ERP implementation success or failure. This shows that since in CS ERP implementations, the methodology has been fine-tuned with both vendor's and consultant's years of experience, so CSF play lesser role in ERP success. Similarly, in the case of VS, since only vendor's technical know-how and experience comes into play, CSF's role becomes important. Carrying the same thought process forward, CSF start occupying a bigger role in case of CM ERP Implementations.
Contribution
The research paper provides an insight that the importance of CSF is relative and depends on the ERP implementation strategy. The greater is the relative priority of ERP implementation strategy, more emphasis and monitoring will be required to monitor the associated CSF for the success of ERP implementation. Thus, CSF has a greater role to play when the ERP is developed from scratch, that is, for a CM ERP implementation, and so CSF would require constant monitoring, thus increasing the overhead in terms of time and cost. On the other hand, in the case of CS ERP implementation, the effectiveness of CSF is much less, indicating that CS ERP. Same CSF in the case of VS ERP implementation would require a monitoring level that lies between the other two types of ERP implementation strategies. This is illustrated through the span of CSF importance in the radar chart in Figure 2 . It showcases that due to the experience gathered by consultants over the years' through their myriad ERP implementations coupled with VS methodologies, downplays the role of CSF. Since the CSF has less importance, the consultants can focus on other implementation tasks, thus also increasing their efficacy. As a corollary, this study also notes that though CS ERP implementation strategy may be expensive than the other two options, but the gains achieved by way of less emphasis on CSF would lead to gains in time saved and overall cost effectiveness.
Conclusions and future scope
This research paper has utilised AHP's version given by Alonso and Lamata (2006) for group decision making for yet another application. It has extended the previous work of authors on the categorisation of ERP implementation strategy and finding a relationship between the relative importance of CSF in different ERP implementation strategies. In this process, Goepel's (2013) 'BPMSG AHP Excel template with multiple inputs' has been utilised. The study gives managers an insight during the selection of ERP implementation strategy, a way forward on the CSF that would have higher importance with respect to the strategy chosen and hence would be critical towards the success of ERP implementation. This has a high managerial implication as it gives an upfront view of which areas of management require more control and feedback. It was found out that in general, less emphasis may be laid on CSF and hence require less monitoring in case of CS ERP implementations, followed by VS implementations and require most monitoring in case of CM ERP implementation strategies.
The present study has been carried out on few selected CSF. It can be extended to other CSF by ERP implementers that can be considered consequential to the implementation for the concerned organisation, prior to selection of ERP implementation strategy. This will help managers monitor specific CSF during the ERP implementation process. Jain's (2016) observations that few studies exist that quantitatively measure and validate ERP value across multiple dimensions. He has provided a balanced score card (BSC) approach to gauge ERP system's value across the four dimensions of BSC. This can be ground to further study wherein the CSF with respect to ERP implementation strategy can be further categorised according to the four dimensions of BSC and then their impact studied vis-à-vis a case study. Thus, there are myriad possibilities available in the ERP domain wherein the academicians and ERP implementers can work together and make ERP implementations a success.
